, which would be 'primary sources'. Previous statistically limited measurements [5] [6] [7] of the ratio of positron and electron fluxes have been interpreted as evidence for a primary source for the positrons, as has an increase in the total electron1positron flux at energies between 300 and 600 GeV (ref. 8 ). Here we report a measurement of the positron fraction in the energy range 1.5-100 GeV. We find that the positron fraction increases sharply over much of that range, in a way that appears to be completely inconsistent with secondary sources. We therefore conclude that a primary source, be it an astrophysical object or dark matter annihilation, is necessary.
The results presented here are based on the data set collected by the PAMELA satellite-borne experiment 9 between July 2006 and February 2008. More than 10 9 triggers were accumulated during a total acquisition time of approximately 500 days. From these triggered events, 151,672 electrons and 9,430 positrons were identified in the energy interval 1.5-100 GeV. Results are presented as positron fraction-that is, the ratio of positron flux to the sum of electron and positron fluxes,w e Table 1 . The apparatus is a system of electronic particle detectors optimized for the study of antiparticles in the cosmic radiation (Supplementary Information section 1). It was launched from the Bajkonur cosmodrome on 15 June 2006 on board a satellite that was placed into a 70.0u inclination orbit, at an altitude varying between 350 km and 610 km. A permanent magnet spectrometer with a silicon tracking system allows the rigidity (momentum/charge, resulting in units of GV), and signof-charge of the incident particle to be determined. The interaction pattern in an imaging silicon-tungsten calorimeter allows electrons and positrons to be separated from protons.
The misidentification of protons is the largest source of background when estimating the positron fraction. This can occur if electron-and proton-like interaction patterns are confused in the calorimeter data. The proton-to-positron flux ratio increases from approximately 10 3 at 1 GV to approximately 10 4 at 100 GV. Robust positron identification is therefore required, and the residual proton background must be estimated accurately. The imaging calorimeter is 16.3 radiation lengths (0.6 nuclear interaction lengths) deep, so electrons and positrons develop well contained electromagnetic showers in the energy range of interest. In contrast, the majority of the protons will either pass through the calorimeter as minimum ionizing particles or interact deep in the calorimeter. This is illustrated in Fig. 1 , which shows F , the fraction of calorimeter energy deposited inside a cylinder of radius 0.3 Molière radii, as a function of deflection (rigidity -1 ). The axis of the cylinder is defined by extrapolating the particle track reconstructed in the spectrometer. For negatively-signed deflections, electrons are clearly visible as a horizontal band with F lying mostly between 0.4 and 0.7. For positively-signed deflections, the similar horizontal band is naturally associated with positrons, with the remaining points, mostly at F , 0.4, designated as proton contamination (see Supplementary Information sections 2 and 3 for additional details concerning particle selection and background determination). Figure 2 shows the positron fraction measured by the PAMELA experiment compared with other recent experimental data. The PAMELA data covers the energy range 1.5-100 GeV, with significantly higher statistics than other measurements. Two features are clearly visible in the data. At low energies (below 5 GeV) the PAMELA results are systematically lower than data collected during the 1990s, and at high energies (above 10 GeV) the PAMELA results show that the positron fraction increases significantly with energy.
Measurements of cosmic-ray positrons and electrons address a number of questions in contemporary astrophysics, such as the nature and distribution of particle sources in our Galaxy, and the subsequent propagation of cosmic rays through the Galaxy and the solar heliosphere. Positrons are believed to be mainly created in secondary production processes, that is, by the interaction of cosmic-ray nuclei with the interstellar gas. The solid line in Fig. 2 shows a calculation 1 based on such an assumption. Although this calculation is widely used, it does not account for uncertainties related to the production of secondary positrons and electrons (see ref. 10 ). Uncertainties arise because of incomplete knowledge of (1) the primary cosmic-ray nuclei spectra, (2) modelling of interaction cross-sections, (3) modelling of cosmicray propagation in the Galaxy and (4) solar modulation effects.
The low energy data from previous experiments (CAPRICE94 11 , HEAT95 6 and AMS- 01 12 ) match the calculated secondary fraction while the PAMELA data are clearly lower. This points to charge-signdependent solar modulation effects. The solar wind modifies the energy spectra of cosmic rays within the Solar System. This effect is called solar modulation, and has a significant effect on cosmic rays with energies less than about 10 GeV. The amount of solar modulation depends on solar activity, which has an approximately sinusoidal time dependence and is most evident at solar maximum, when the low-energy cosmic-ray flux is at a minimum. The peak-to-peak period is 11 years, but a complete 'solar cycle' is 22 years long because at each maximum the polarity of the solar magnetic field reverses. The low energy difference between the PAMELA and other, older, results can be interpreted as a consequence of charge dependent solar modulation effects (Supplementary Information section 4). These older results were collected during the previous polarity of the solar cycle. A balloon-borne experiment which flew in June 2006 has also observed a suppressed positron fraction 13 at low energies, but with large statistical uncertainties.
Above 5 GeV, the PAMELA positron fraction agrees with the most recent measurements [5] [6] [7] . Although too statistically limited to draw any significant conclusions, these high energy measurements indicate a flatter positron fraction than expected from secondary production models. Now, PAMELA data clearly show that the positron fraction increases significantly with energy. Besides the uncertainties previously discussed, those on the primary electron spectrum are also relevant. The electron injection spectrum at source is expected to have a power law index of approximately 22 (ref. 14) and be equal to that of protons 15 up to about 1 TeV. When the energy losses of primary cosmic rays during their propagation are taken into account, electrons are expected to have a harder spectrum than positrons if these are mostly of secondary origin. Hence, the positron fraction is expected to fall as a smooth function of increasing energy. Therefore, PAMELA positron fraction data cannot be understood by standard models describing the secondary production of cosmic rays. Either a significant modification in the acceleration and propagation models for cosmic rays is needed, or a primary component is present (for more details, see ref. 16 ). There are several interesting candidates for a primary component, including the annihilation of dark matter particles in the vicinity of our Galaxy and a contribution from nearby astrophysical sources, such as pulsars or microquasars. The energy budget of the Universe can be broken down into baryonic matter (about 5%), dark matter (about 23%) and dark energy (about 72%) 17 . Many particle candidates have been proposed for the dark matter component. The most widely studied are weakly interacting massive particles (WIMPs), such as the neutralino from supersymmetric models 4 and the lightest Kaluza Klein particle from extra dimension models 18, 19 . High energy antiparticles such as positrons and antiprotons (see ref. 20 and references within) can be produced during the annihilation or decay of these dark matter particles in our Galaxy. In a previous publication 21 , we presented the antiproton-to-proton flux ratio in the energy range 1-100 GeV. The data follow the trend expected from secondary production calculations for antiprotons. Therefore, if the PAMELA positron results have a component due to dark matter this has to annihilate or decay into mostly leptonic final states. Furthermore, heavy WIMP candidates or large boost factors (see, for example, refs 22, 23) associated with non-uniform clumps in the dark matter distribution are required. It is worth pointing out that our antiproton-toproton flux ratio data 21 limit significantly the boost factor for thermal WIMP candidates (ref. 24 ). WIMPs of non-thermal origin 25 can also be considered as explanations for both PAMELA positron and antiproton results. This model predicts a sharp decrease in the primary positron spectrum above 100 GeV, an energy range that PAMELA is exploring and will be soon able to clarify.
The possible production of positrons from nearby astrophysical sources, such as pulsars 2,26,27 and microquasars 3 , must be taken into The errors are one standard deviation. Details concerning particle selection and proton background determination can be found in Supplementary Information sections 2 and 3. The detection efficiencies for electrons and positrons are assumed to cancel, as the physical processes that these species undergo in the PAMELA detectors can be assumed to be identical across the energy range of interest. Possible bias arising from a sign-of-charge dependence on the acceptance due to the spectrometer magnetic field configuration and east-west effects caused by the Earth's magnetic field were excluded as follows. Effects due to the spectrometer magnetic field were studied using the PAMELA Collaboration's simulation software. No significant difference was found between the electron and positron detection efficiency above 1 GV. East-west effects, as well as contamination from re-entrant albedo particles (secondary particles produced by cosmic rays interacting with the Earth's atmosphere that are scattered upward but lack sufficient energy to leave the Earth's magnetic field and re-enter the atmosphere in the opposite hemisphere but at a similar magnetic latitude), are significant around and below the lowest permitted rigidity for a charged cosmic ray to reach the Earth from infinite distance, known as the geomagnetic cut-off. The geomagnetic cut-off for the PAMELA orbit varies from less than 100 MV for the highest orbital latitudes to ,15 GV for equatorial regions. In this work, only events with a measured rigidity exceeding the estimated vertical (PAMELA z-axis) geomagnetic cut-off by a factor of 1.3 were considered. This reduced east-west effects and re-entrant particle contamination to a negligible amount. The vertical geomagnetic cut-off was determined following the Størmer formalism on an event-by-event basis and using orbital parameters reconstructed at a rate of 1 Hz. The axis of the cylinder is defined by extrapolating the particle track reconstructed by the spectrometer. The Molière radius is an important quantity in calorimetry, as it quantifies the lateral spread of an electromagnetic shower (about 90% of the shower energy is contained in a cylinder with a radius equal to 1 Molière radius), and depends only on the absorbing material (tungsten in this case). The events were selected requiring a match between the momentum measured by the tracking system and the total detected energy and requiring that the electromagnetic shower starts developing in the first planes of the calorimeter. The particle identification was tuned to reject 99.9% of the protons, while selecting .95% of the electrons or positrons.
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account when interpreting potential dark matter signals. A pulsar magnetosphere is a well known cosmic particle accelerator. The details of the acceleration processes are as yet unclear, but electrons are expected to be accelerated in the magnetosphere, where they induce an electromagnetic cascade. This process results in electrons and positrons that can escape into the interstellar medium, contributing to the cosmic-ray electron and positron components. As the energy spectrum of these particles is expected to be harder than that of the secondary positrons, such pulsar-originated positrons may dominate the high energy end of the cosmic-ray positron spectrum. But because of the energy losses of electrons and positrons during their propagation, just one or a few nearby pulsars can contribute significantly to the positron energy spectrum (see, for example, refs 28, 29) .
The PAMELA positron data presented here are insufficient to distinguish between astrophysical primary sources and dark matter annihilation. However, PAMELA will soon present results concerning the energy spectra of primary cosmic rays-such as electrons, protons and higher mass nuclei-that will significantly constrain the secondary production models, thereby lessening the uncertainties on the high energy behaviour of the positron fraction. Furthermore, the experiment is continuously taking data and the increased statistics will allow the measurement of the positron fraction to be extended up to an energy of about 300 GeV. The combination of these efforts will help in discriminating between various dark matter and pulsar models put forward to explain both our results and the ATIC 8 results. New important information will soon come also from the FERMI satellite that is studying the diffuse Galactic cosmic c-ray spectrum. Pulsars are predominantly distributed along the Galactic plane, while dark matter is expected to be spherically distributed as an extended halo and highly concentrated at the Galactic Centre. The diffuse c-ray spectrum is sensitive to these different geometries. Furthermore, PAMELA is measuring the energy spectra of both electrons (up to ,500 GeV) and positrons (up to ,300 GeV). These data will clarify if the ATIC results 8 are due to a significantly large component of pair-produced electrons and positrons (to explain the high energy ATIC data, the positron fraction should exceed 0.3 above 300 GeV), hence pointing to primary positron sources, or to a hardening of the electron spectrum with a more mundane explanation.
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